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Abstract 
Typhoon is one of the major natural disasters in Taiwan.  The solar water heater system installed in the house roof 
has the most serious damage caused by typhoon invasion.  Because the wind blows into the backward of the solar 
water heater system, the heat collecter is damaged by the stronger wind pressure gradient induced between the upper 
and lower.  This study was using CFD (Computational Fluid Dynamics) method to investigate the flowfield over a 
suspended and ground solar water heater during the wind speed about 30m/s, and compared the results with the 
experimental data for validation.  Simulations of 60% solar water collector model with different tilt angles and 40% 
model with different guiding plate were also done in this study to investigate the effect of the guide plate.  The result 
shows that the 3D flowfield effect is clear, and 2D model can not simulated the flowfield.  The heat collector erected 
away from the ground can be reduced to the uplift, and the separation bubbles are induced behind the bucket of the 
heat collector surface.  The cornner vortices generated and interacted from the collector-side, and the separation 
bubbles is extending in spanwise.  The larger tilt angle of the solar collector causes the larger pressure difference in 
the leading edge.  The guiding plate avoids the inflow directly hit the bottom of the solar collector, and it can 
efficiently reduce the leading edge pressure difference.  Nevertheless, when the cross-sectional area of the guiding 
plate increase, the uplift force acted on heat collector decreases and the drag force would be increased. 
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1. Introduction 
Renewable energy sources are attracting much alteration as they can reduce both environmental 
damage and dependence on fossil fuels.  With the growing need for sustainable energy supplies, a case is 
made for decentralized, stand-alone power supplies (SAPS) as an alternative to power grids.  Among 
various forms of renewable energy, solar thermal energy is the most widespread in many countries [1-4].  
Taiwan is one of ideally location mounted on to take advantages of the solar thermal energy technologies.  
During the last two decades in Taiwan, solar water heaters have been commercialized [5, 6].   
A typical SWH (Solar Water Heating) system consists of a hot water storage tank and flat plate 
collector(s).  The most common collector for solar hot water is the flat plate collector, which is a 
rectangular box with a transparent cover, installed on a building¶s roof.  Typhoons are among the costly 
nature hazard to impact residential construction, including SWHs [7, 8].  In the summer, at last tens of 
typhoons may occur over the western North Pacific and South China Sea each year, and some affect 
Taiwan [6].  The historical data of typhoon indicate that over 3.5 typhoons pass over Taiwan on average 
each year, and numerous solar water heaters were damaged.  The severity of a typhoon is associated with 
its wind strength and moisture content.  Therefore, the installation of solar water heats in Taiwan is of 
necessity concerned with the wind uplift produced by typhoons.  Breakage of the glass covers of solar 
collectors is mainly due to the strong wind uplift and the associated large deflection [9].  Therefore, the 
reductions of aerodynamic loads of solar collectors are the better selection for preventing such damage.   
Many previous studies on solar water heaters have focused on the thermal efficiency of various types 
of solar collectors [10, 11].  Regarding the aerodynamic characteristics of solar collectors and supporting 
structures, Radu et al. [12] and Radu and Axinte [13] conducted the wind tunnel tests, with wind speed of 
up to 20 m/s.  They found that the wind loads on the solar collectors are significantly reduced by the 
sheltering effects of the first row of collectors and of the building itself.  Wood et al. [7] found that the 
lateral spacing between the panels and the height of the panels above the roof surface on the measured 
pressures are not significant.  Kopp et al. [8] investigated the aerodynamic characteristics on a solar panel 
model containing six slender and parallel modules.  The largest wind loads were associated with the 
vortex shedding from in-line modules, and peak system torque was generally observed to occur at 
approach wind angles near the diagonal of the panel.  Chung et al. [9] investigated the mean surface 
pressure distributions and uplift force at different wind speed. A solar collector with guide plate was setup 
to reduce the possible damage due to strong wind uplift.  They found that a cavity between the guide plate 
and the flat panel has a significant effect on the mean surface pressure distributions on the upper and 
lower surfaces of the solar collector. 
2. Research Tools  
2.1. Computational grid 
The multi-blocks structured grid was estimated in this study.  The scale of a solar heater model was 
shown in figure 1.  For baseline case, a 60% scaled, commercial system (a collector 1.2m×0.6m and a 
cylinder tank, 0.27m in diameter and 0.7m in length) was fabricated.  On the grid system estimation, in 
order to effectively simulate the special phenomenon of the flow field, such as the encryption processing 
done in the area of solar collector, one needs also to consider the matching between the grid spacing 
density and the aspect ratio tuning. Therefore, the grid system has been divided into 34 blocks with 
1,053,357 grids as shown in figure 2. The calculation platform is a MPI cluster system consist of eight 
PC with 4-cores 3.2GHZ CPU and 8×4 GB RAM. 
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2.2. Numerical methods 
This research adopts CFD software, FLUENT, that uses the finite volume method as the solver. The 
Governing Equation is the 3-D Reynolds-averaged Navier-Stokes equation.  The subject of this research is 
relevant to issues regarding 3-D flow field in addition to the impact imposed on the solar water heater 
field.  The two-order Upwind Scheme of the SIMPLE solver as the discretization was applied for the 
governing equation.  In order to simulate the turbulence status over a solar water heater, it will require a 
near-wall flow field simulation. So, in this research, we adopt RNG k-İ Turbulence Model to simulate the 
turbulent flow field induced by Reynold Stress terms in the momentum equation [14]. 
3. Results and Discussion 
The aim of this paper focused on aerodynamic characteristics of a solar heater during typhoon¶s wind 
speed.  We investigated the flowfield over a suspended and ground solar collector during the wind speed 
about 30m/s, and compared the results with the experimental data for validation.  Moreover, Simulations 
of 40% scaled model with different guiding plate were done to study the effect of the guide plate. 
3.1. Comparison with 2D and 3D simulation 
A practical engineering problem is generally a 3D case.  The 2D simulation is usually carried out to 
alternate because of fast to obtain the primary data or the 3D effect is not clear.  In order to validate if the 
2D simulation is powerful, we setup 2D and 3D models, and compared with the previous experimental 
data [9].  The 2D model is the cut plane of a 3D model.  Figure 3 shows the comparison of the pressure 
coefficient different   over the upper/ lower surface for the 2D and 3D simulation.  The 2D simulation 
results found significantly overestimate, and the curve of the aerodynamic characteristics was not clarify 
schematized.  From the 3D simulation results shown that there was a high pressure drop at X=0~0.34 
because of the circulation region behind the water tank.  The flow over the tank is induced a separation 
bobble, and to form a vortex area. 
3.2. Analysis of the suspended and ground models(wind speed=30m/sˈ60% scaled model at tilt angle=25°) 
The wind uplift was significantly reduced by the suspended mounted.  The heat collector erected 10cm 
away from the ground can be reduced to approximately 16.5% of the uplift as shown in table 1.  Moreover, 
the CFD results were close to the experimental data.  The surface oil path lines of CFD and Experimental  
method over the upper/ lower of the solar water collector were illustrated in figure 4.  The same flowfield 
characteristics were found in the separation bubble of the upper.  The corner vortices induced from the 
leading edge of the plate tip were swirling into the centre of the separation bubble.  The reattached point 
was occurred by the bulk flow of the cylinder tank and the corner vortices.  The flow patterns were 
different on the lower as shown in figure 4c and 4d.  The flow is plugged through the lower of the ground 
model so it induced the local high pressure.   
3.3. The effect of the guiding plate (wind speed=40m/sΔ40% scaled model at tilt angle=15°) 
From the above discussions found the suspended model significantly reduced wind uplift.  For this 
reason, we used this model to be a baseline model without water tank, G0.  There were two kinds of 
guiding plates add-on the collector as shown in figure 5.   According to the previous experimental results 
[9] shown that the guiding plate can reduce the wind uplift and the optimal model of the connected plate is 
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perpendicular to the ground.  The blockage ratio of the guiding plate to the length of the collector were 
0.25 and 0.5 individually, G1 model and G2 model, and the tilt angle is 15e.  The longitudinal pressure 
distributions of the solar collector were illustrated in figure 6.  The minimal ¨Cp was shown in G2 model 
at 0ЉX/CЉ0.4, and it can reduce the breakage of the glass covers of solar collectors from the typhoon.   
Figure 7 shows the numerical oil path lines on the upper of solar collectors.  Both of cases with or 
without guiding plate were induced the recirculation regions.  The flowfield the of G2 modle, however, 
indicted that the recirculation regions were kept and extended in spanwise in the leading edge of the 
collector-side.  Moreover, the corner vortices were going through to the downstream area.  
4. Conclusions 
It follows from what has been said that the 3D flowfield effect is clear, and 2D model can not 
simulated the real flowfield.  The 60% scaled heat collector erected 10cm away from the ground can be 
reduced to approximately 16.5% of the uplift, and the separation bubbles are induced behind the bucket of 
the heat collector surface.  The cornner vortices generated and interacted from the collector-side, and the 
separation bubbles is extending in spanwise.  
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Table 1.  Comparison with exp.[9] data and CFD results 
Height Lift(N/L) CL memo Height Lift(N/L) CL memo 
E>!1dn! 881/82! 2/27! DGE! E>21dn! 754/84! 1/:8! DGE!
E>!1dn! 772/5:! 1/::! Fyq/! E>21dn! 653/:5! 1/93! FYQ/!
 
    
 Fig. 1            Fig. 2         Fig. 3 
Fig. 1  Dimensions of the solar water heater. 
Fig. 2  Surface grid and computational domain(cells=1,053,357). 
Fig. 3  Longitudinal pressure distributions ¨&S for 2D and 3D simulation 
 
    
(a) d=10cm, upper       (b) d=0 cm, upper         (c) d=10cm, lower           (b) d=0cm, lower 
Fig. 4  Comparison of the surface oil distribution between CFD and Experimental  method over the upper/ 
lower of the solar water collector(V=30 m/s, Į=25°*!
      ʳ  
                                                                                          (a) G0 model    (b) G2 modle 
Fig. 5                                       Fig. 6                                             Fig.7 
guide 
plate 
Area 
(cm2) 
Scale (cm) 
G0 Without guiding plate 
G1 468 40 h 11.7 h 0.5 
G2 268 40 h 6.7 h 0.5 
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Fig. 5  The 40% scaled models of the solar collector with different guiding plate 
Fig. 6   Longitudinal pressure distributions of the solar collector 
Fig. 7  The numerical oil path lines on the upper surface of the solar collector: (a) G0 model (baseline 
model, without guiding plate), (b)  G2 model (with guiding plate)  
